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Millimeter wave radar with side-lobe absorbing radome 



(57) The invention relates to a millimeter wave radar 
(1) that is used for the purpose of automatic operation 
or collision prevention of a vehicle, it is intended to solve 
the Problem that a side lobe (8) of a transmitted elec- 
tromagnetic wave is reflected by surrounding bodies 
and the reflected wave is received, with the result that 
unnecessary bodies may also be detected. 



A layer higher in dielectric loss than a radome (2) 
or a magnetic loss layer (9) and a conductor layer (1 0) 
in a mesh form are embedded in a part of the inside sur- 
face of the radome (2), whereby it is possible to provide 
a millimeter wave radar (1 ) which is light in weight, ex- 
cellent in weathering performance, inexpensive, and ex- 
cellent in detection performance. 
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Description 

Background of the Invention 

[0001 J The present invention relates to a millimeter 
wave radar mounted on a vehicle. 
[0002] A millimeter wave radar is used for the purpose 
of automatic operation or collision prevention of a vehi- 
cle. The millimeter wave radar is a system for transmit- 
ting a millimeter electromagnetic wave in a desired di- 
rection, receiving the reflection of the transmitted wave, 
and preliminarily detecting a body which may act as an 
obstacle. On the other hand, the millimeter wave radar 
has the problem that the side lobe of the transmitted 
electromagnetic wave is reflected by surrounding bod- 
ies, with the result that unnecessary bodies would also 
be detected. As acountermeasure against this problem, 
a technique of mounting a metallic plate or an absorber 
lo the periphery of the transmission-reception antenna 
surface in the antenna unit in the state of projecting from 
the surface of the transmission-reception antenna so as 
thereby to reduce the side lob has been described, for 
example, in Japanese Patent Laid-open No. 1 0-1261 46. 
[0003] However, according to the technique de- 
scribed in Japanese Patent Laid-open No. 10-126146, 
since the metallic plate or absorber mounted to the pe- 
riphery of the transmission-reception antenna is sepa- 
rate from the radome, the structure and production proc- 
ess of the antenna unit become complicated. In addition, 
the metallic plate or absorber itself must have a certain 
degree of strength, so that the metallic plate or absorber 
itself must be thick to a certain extent, resulting in the 
problem of an increase in weight. Furthermore, since the 
metallic plate or absorber is exposed to rain and winds, 
it has still the problem in weathering performance. 
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Fig. 1 is a cross-sectional view of a millimeter wave 
radar and an illustration of a side lobe emitted from 
a transmission-reception antenna; 
Fig. 2 is a cross-sectional view of a millimeter wave 
radar according to Embodiment 1 ; 
Fig. 3 is a cross-sectional view of a millimeter wave 
radar according to Embodiment 2; 
Fig. 4 is a cross-sectional view of a millimeter wave 
radar according to Embodiment 3; 
Figs. 5A and 5B are cross-sectional views of a mil- 
limeter wave radar according to Embodiment 4; 
Fig. 6 is a cross-sectional view of a millimeter wave 
radar according to Embodiment 5; 
Fig. 7 is a cross-sectional view of a millimeter wave 
radar according to Embodiment 6; 
Fig. 8 is a cross-sectional view of a millimeter wave 
radar according to Embodiment 7; and 
Fig. 9 is an illustration of a method of making a ra- 
dome. 

Description of the Preferred Embodiments 

[0007] Now, embodiments of the present invention 
will be described below referring to the drawings. 

Embodiment 1 



Summary of the Invention 

[0004] In view of the above, it is an object of the 
present invention to provide a millimeter wave radar 
which is light in weight, excellent in weathering perform- 
ance, inexpensive, and/or excellent in detection per- 
formance. 

[0005] In order to solve the above problems, the 
present invention provides a millimeter wave radar com- 
prising an antenna base having a transmission-recep- 
tion antenna, a housing for fixing Ihe antenna base, and/ 
or a radome covering the antenna base, characterized 
in that the radome can be formed integral with an elec- 
tromagnetic wave absorbing layer. 

Brief Description of the Drawings 

[0006] Other objects and advantages of the invention 
will become apparent from the following description of 
embodiments with reference to the accompanying 
drawings in which: 



[0008] Fig. 1 is a cross-sectional view of a millimeter 
wave radar. The millimeter wave radar shown in Fig. 1 
30 includes a radome 2, an antenna base 3 in which a 
transmission-reception antenna is mounted, a control 
circuit 6, an RF module 5, and a housing 4 for fixing the 
antenna base 3 and accomodating the control circuit 6 
and the RF module therein. Reference numeral 7 in Fig. 
35 1 shows a main beam of the transmitted electromagnet- 
ic wave transmitted from the transmission-reception an- 
tenna, and reference numeral 8 shows a side lobe of the 
transmitted electromagnetic wave transmitted from the 
transmission-reception antenna, in the form of concep- 
40 tual illustration for easier understanding. The transmis- 
sion-reception antenna herein means an antenna ar- 
rangement so constituted as to be capable of transmis- 
sion and reception, and the case where a transmission 
antenna and a reception antenna are separately ar- 
45 ranged should be also included in the meaning of the 
term "transmission-reception antenna". 
[0009] In Fig. 1 , the RF module 5 and the conlrol cir- 
cuit 6 are contained in the housing 4, and the radome 2 
for protecting the antenna surface from flying stones, 
50 rain and the like is mounted over the entire surface on 
the front side of the antenna base 3. 
[0010] The radome must bo formed of a material 
which transmits electromagnetic waves therethrough 
without reflection or absorption, and is selected to have 
55 a low dielectric constant and a low dielectric loss. More 
specifically, the material of the radome preferably has a 
dielectric constant at 76.5 GHz of not more than 3.0 and 
a dielectric loss tangent of not more than 0.003. Simul- 
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taneously, it is desirable that the material of the radome 
be excellent in chemical resistance, mechanical 
strength, cost, processability and the like. 
[0011] Generally, the millimeter wave radar is dis- 
posed in the inside of a vehicle. As shown in Fig. 1 , how- 
ever, the side lobe 8 of the electromagnetic wave trans- 
mitted from the transmission-reception antenna passed 
through a side surface portion of the radome to be re- 
flected by members constituting the vehicle therea- 
round, and the reflected wave again enters the radome 
to be received by the transmission -reception antenna, 
whereby unnecessary bodies may also be detected. 
[001 2] Fig. 2 is a cross-sectional view of the millimeter 
wave radar according to the present embodiment. In the 
millimeter wave radar device shown in Fig. 2, a layer 
having a dielectric loss higher than that of the radome 
or a magnetic loss layer 9 (electromagnetic wave ab- 
sorbing layer) 2 is disposed at a part of the side surface 
portion of the radome 2, whereby the side lobe transmit- 
ted from the transmission-reception antenna is ab- 
sorbed, and the permeating wave is reduced. With this 
constitution, it is possible to design the millimeter wave 
rador with a thickness necessary for absorbing the side 
lobe, without requiring the strength of the side lobe ab- 
sorbing means itself, so that the problem of an increase 
in weight can be obviated. Further, in the millimeter 
wave radar according to the present embodiment, since 
the means for absorbing the side lobe is provided at a 
part of the radome, the side lobe can be absorbed with- 
out increasing the structure and production steps of the 
antenna unit (the antenna and peripheral members), 
and the antenna unit would not be exposed directly to 
winds and rain. In addition, from a different point of view, 
the side lobe absorbing means (electromagnetic wave 
absorbing layer) and the radome are formed as one 
body with each other, so that the side lobe absorbing 
means is registered with the antenna base with ease. 
[0013] Thus, a millimeter wave radar light in weight, 
excellent in weathering performance, inexpensive, and 
excellent in detection performance can be realized. 

Embodiment 2 

[001 4] A cross-sectional view of a millimeter wave ra- 
dar according to the present embodiment is shown in 
Fig. 3. The difference between the millimeter wave radar 
according to the present embodiment and the millimeter 
wave radar according to Embodiment 1 lies in that a lay- 
er having a dielectric loss higher than that of the radome 
or a magnetic loss layer 9 is disposed as a side lobe 
absorbing means and, further, a conductor layer 10 is 
disposed on the outside of thereof. With such a consti- 
tution, the permeating wave to the outside of the radome 
can be completely removed while restraining the reflec- 
tion of the transmitted electromagnetic wave on the in- 
side surface of the radome. Such a constitution is a con- 
stitution of a matching type electromagnetic wave ab- 
sorber backed with a reflector. Absorption mechanisms 



include a multiple reflection effect by critical coupling be- 
tween the surface reflection wave and the multiple re- 
flection waves in the electromagnetic wave absorber 
and an attenuating effect due to dielectric loss or mag- 

5 netic loss in the electromagnetic wave absorber. 

[0015] In general, for a perpendicular reflected wave, 
a return loss (R.L. (dB)) of electromagnetic wave is ex- 
pressed by the following equation, and the complex per- 
mitivity, the complex permeability and the thickness of 

10 the electromagnetic wave absorbing layer for obtaining 
a desired return loss are determined univocally. 

R.L.^-20loglZ in -l/Z ln + 11 (1) 

15 

where Z jn is the characteristic impedance of the absorb- 
er. 

20 Z in = (uy £ r )°- 5 tanh{j27rft(u. r e r ) 0 - 5 } (2) 

where e r is the complex permitivlty (e r = e* + je"), u. r ls tne 
complex permeability (u, r = u,' + ju^), f is the frequency, 
and t is the thickness (m) of the absorber. 

25 [0016] The layer having a dielectric loss higher than 
that of the radome is preferably formed of a carbon ma- 
terial, and the magnetic loss layer is preferably formed 
of a material obtained by dispersing a hexagonal fcrritc 
in a material having an electric resistivity higherthan that 

30 of the hexagonal ferrite. The dielectric loss tangent of 
the layer higher in dielectric loss than the radome is pref- 
erably not less than 0.003 at 76.5 GHz. Where the ma- 
terial having the higher electric resistivity is an insulating 
high molecular weight material such as rubber and res- 

35 in, the carbon material is more preferable than the hex- 
agonal ferrite, in view of dispersibility of the filler. The 
carbon material is preferably selected fronrvat least one 
among the group consisting of carbon nanotube. carbon 
microcoil, shungite carbon, carbon black, exfoliated 

40 graphite, and carbon fiber, and, in view of electromag- 
netic wave absorption characteristics, carbon nanotube, 
shungite carbon, and expanded graphite are more pref- 
erable. Further, for the hexagonal ferrite, a hexagonal 
ferrite obtained by substituting a part of Fe in an M-type 

45 hexagonal ferrite with Ti, Mn, Al or the like, such as 
BaFe 12 0 19 and SrFe 12 0 19 , are preferable. In addition, 
the material having the higher electric resistivity may be 
the same material as that of the radome, which is con- 
venient in view of produclbility. 

50 [0017] As the conductor layer, a material having a 
high conductivity may be used without special limita- 
tions, and examples of the usable material include me- 
tallic materials, carbon materials, and materials ob- 
tained by dispersing these fillers in a high molecular 

55 weight material at a high filling content. Of those, a ma- 
terial in a mesh form is more preferable, from the view- 
points of lightness in weight and adhesion to the resin. 
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In addition, where the wavelength of the electromagnet- 
ic wave is X, when the size of the mesh is set to be not 
more than A/4, the electromagnetic wave is not trans- 
mitted through the openings of the mesh, and the con- 
ductor layer can fully function as a reflector. Since the 5 
conductor layer is formed as a part of the radome, there 
are the merits that it is unnecessary to increase the 
thickness of the conductor layer excessively in consid- 
eration of the strength of the conductor layer itself, a de- 
crease in weight can be contrived, and the antenna unit 10 
is fabricated with ease. 

Embodiment 3 

[001 8] A cross-sectional view of a millimeter wave ra- is 
dar according to the present embodiment is shown in 
Fig. 4. The present embodiment resides in that the im- 
pedance to the transmitted electromagnetic wave of a 
layer higher in dielectric loss than the radome or a mag- 
netic loss layer 9 is gradually reduced, from the side of 20 
the layer higher in dielectric loss than the radome or the 
magnetic loss layer 9 toward a conductor layer 1 0 (from 
the inside to the outside of the radome). To be more spe- 
cific, the layer higher in dielectric loss than the radome 
orthe magnetic loss layer 9 is composed of a multiplicity 2s 
of layers differing in the impedance. With this constitu- 
tion, it is possible to enhance the electromagnetic wave 
absorption characteristic for the electromagnetic wave 
transmitted from the transmission-reception antenna 
and obliquely incident on the inside surface of the ra- 30 
dome (oblique incident wave). 

[001 9] In this case, if the outermost layer, on the con- 
ductor layer side, of the layer higher in dielectric loss 
than the radome or the magnetic loss layer 9 has suffi- 
cient conductivity, the conductor layer can be omitted. 35 
More specifically, it suffices to gradually increase the 
complex permitivity or complex permeability of the layer 
higher in dielectric loss than the radome orthe magnetic 
loss layer, from the electromagnetic wave incidence 
side toward the side of the conductor layer 1 0. For this 40 
purpose, it suffices to gradually increase the filling con- 
tent of the carbon material orthe hexagonal ferrite in the 
material having an electric resistivity higher than that of 
the carbon material orthe hexagonal ferrite. 

45 

Embodiment 4 



bodiment 1 . 
Embodiment 5 

[0022] A cross-sectional view of a millimeter wave ra- 
dar according to the present embodiment is shown in 
Fig. 6. 

[0023] The millimeter wave radar according to the 
present embodiment has a structure in which a layer 
higher in dielectric loss than the radome or a magnetic 
loss layer 9 and the conductor layer 10 are inclined by 
an angle e, relative to the direction of normal to the an- 
tenna base 3. This allows to enhance the electromag- 
netic wave absorption characteristic for the oblique in- 
cident wave. Incidentally, this embodiment includes a 
mode in which the conductor layer is omitted, as shown 
in Embodiment 1 . 

Embodiment 6 

[0024] A cross-sectional view of a millimeter wave ra- 
dar according to the present embodiment is shown in 
Fig. 7. 

[0025] The millimeter wave radar according to the 
present embodiment has a structure in which a side sur- 
face portion of a radome is also inclined by an angle e, 
relative to the direction of normal to the plane of the an- 
tenna base 3. With such a shape, not only the oblique 
incidence characteristic can be enhanced, but also the 
thickness of the side portion of the radome can be made 
constant. Thus, variations in the strength of the rarome 
itself due to variations in thickness can be restrained. 
Incidentally, the production of the radome having a layer 
higher in dielectric loss than the radome or a magnetic 
loss layer 9 is facilitated. In the millimeter wave radar 
according to the present embodiment, it is useful to pre- 
vent the layer from covering the antenna base in order 
to secure the amount of a main beam emitted from the 
transmission-reception antenna in the antenna base 3. 
This is true in the case where the side surface portion 
of the radome is inclined and a front portion of the ra- 
dome has an area larger than the antenna base 3 has, 
whereby the amount of the main beam can be secured 
more. 

Embodiment 7 



[0020] A cross-sectional view of a millimeter wave ra- 
dar according to the present embodiment is shown in 
Figs. 5A and 5B. 

[0021] The millimeter wave radar according to the 
present embodiment has a structure in which a layer 
higher in dielectric loss than the radome or a magnetic 
loss layer 9 is provided with recesses and projections in 
its surface. This allows to enhance the electromagnetic 
wave absorption characteristic for the oblique incident 
wave. Incidentally, this embodiment includes a mode in 
which the conductor layer is omitted, as shown in Em- 



[0026] A cross-sectional view of a millimeter wave ra- 
dar according to the present embodiment is shown in 
50 Fig. 8. 

[0027] The millimeter wave radar according to the 
present embodiment has a structure in which a layer 
higher in dielectric loss than a radome or a magnetic 
loss layer 9 is formed of a flexible material, and is dis- 
55 posed to extend up to the portion of joint between the 
radome 2 and a housing 4. With this constitution, the 
layer functions as a substitute for a packing which has 
been used for securing hermetic seal property of the in- 
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side of the radome and the inside of the housing, so that 
the production step for inserting the packing can be 
omitted. 

Embodiment 8 

[0028] The present embodiments illustrate a method 
of making a millimeter wave radar according to the 
present invention. 

[0029] Examples of a method for making a layer high- 
er in dielectric loss than a radome or a magnetic loss 
layer and a conductor layer on the inside surface of the 
radome include, for example, a method in which mate- 
rials formed in a sheet shape are made to adhere to the 
inside surface of the radome by an adhesive or the like, 
and a method of applying coating materials to the ra- 
dome. Where it is desired to retain the thickness of the 
radome, the method of adhesion to the inside surface 
of the radome or the method of applying the coaling ma- 
terial is useful. From the viewpoints of producibility and 
production cost, however, a method of integrally mold- 
ing the layer higher in dielectric ioss than the radome or 
the magnetic loss layer and the conductor layer by in- 
jection molding or the like is more preferable. 
[0030] Fig. 9 shows a method of integrally molding a 
radome by injection molding. 

[0031] After a radome main body is formed by injec- 
tion molding, a conductor layer 10 is formed. The con- 
ductor layer 10 may be formed by inserting the conduc- 
tor layer 10 onto the inside surface of the radome as it 
is, or by plating, ion plating, vapor deposition or the like. 
Thereafter, a layer higher in dielectric loss than the ra- 
dome main body or a magnetic loss layer 9 is formed by 
injection molding and is then formed integral with the 
conductor layer 1 0. In the case where the conductor lay- 
er 1 0 is omitted, it is possible to cope with the case by 
omitting the relevant steps. 

[0032] After the radome is formed by the above-men- 
tioned steps, it is attached to a separately formed hous- 
ing for accommodating an antenna base and a control 
circuit therein, and is fixed by a screw or the like, to com- 
plete a millimeter wave radar. Therefore, it is possible 
to provide a millimeter wave radar in which the layers 
can be integrally molded without complicating the struc- 
ture or production step of the antenna base, in which it 
is easy to do positioning work between the antenna base 
and an eiectromagnelic wave absorbing layer, and 
which is inexpensive and excellent in weathering per- 
formance. 

[0033] According to the present invention, it is possi- 
ble to provide a millimeter wave radar which is light in 
weight, excellent in weathering performance, inexpen- 
sive, and excellent in detection performance. 
[0034] While the invention has been described in its 
preferred embodiments, it is to be understood that the 
words which have been used are words of description 
rather than limitation and that changes within the pur- 
view of the appended claims may be made without de- 



parting from the true scope and spirit of the invention in 
its broader aspects. 



1 . A millimeter wave radar (1 ) comprising: 

an antenna base (3) having atransmission-re- 
10 ception antenna; 

a housing (4) for fixing said antenna base; and 
a radome (2) covering said antenna base (3); 

wherein an electromagnetic wave absorbing 
'5 layer is provided on the inside surface of said ra- 
dome (2). 

2. The millimeter wave radar (1) as set forth in claim 
1, wherein said electromagnetic wave absorbing 

20 layer is a layer having a dielectric loss higher than 
that of said radome (2), or a magnetic loss layer (9). 

3. The millimeter wave radar (1) as set forth in claim 
1 , wherein a conductor layer (1 0) is provided on the 

25 outside of said electromagnetic wave absorbing 
layer. 

4. The millimeter wave radar (1) as set forth in claim 
1 , wherein said electromagnetic wave absorbing 

30 layer has a gradient of impedance from the inside 
to the outside of said radome (2). 

5. The millimeter wave radar (1) as set forth in claim 
1 , wherein said electromagnetic wave absorbing 

35 layer is comprised of a plurality of electromagnetic 
wave absorbing layers, and the impedance in each 
of said layers is lowered from the inside to the out- 
side of said radome (2). 

40 6. The millimeter wave radar (1) as set forth in claim 
1, wherein said electromagnetic wave absorbing 
layer is provided with recesses and projections in 
its surface. 

45 7. The millimeter wave radar (1) as set forth in claim 
1 , wherein said electromagnetic wave absorbing 
layer is disposed inclinedly relative to the direction 
of normal to the plane of said antenna base (3). 

50 8. The millimeter wave radar (1) as set forth in claim 
1, wherein said electromagnetic wave absorbing 
layer and a side surface portion of said radome (2) 
provided with said electromagnetic wave absorbing 
layer are inclined relative to the direction of normal 
55 to the plane of said antenna base (3). 

9. The millimeter wave antenna (1) as set forth in claim 
8, wherein a front portion of said radome (2) has an 
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area not smaller than the area of said antenna base 
(3). 

10. The millimeter wave antenna (1 ) as set forth in claim 

3, wherein said conductor layer (1 0) is a mesh. 5 

11. The millimeter wave antenna (1 ) as set forth in claim 
3, wherein said electromagnetic wave absorbing 
layer is embedded in at least a part of said radome 
(2)- ro 

12. The millimeter wave antenna (1 ) as set forth in claim 
1 , wherein said electromagnetic wave absorbing 
layer comprises a material selected from at least 
one among the group consisting of carbon nano- ?5 
tube, carbon microcoil, shungite carbon, carbon 
black, exfoliated graphite, and carbon fiber. 

13. The millimeter wave antenna (1 ) as set forth in claim 

1, wherein said electromagnetic wave absorbing 20 
layer includes a hexagonal ferrite. 



14. The millimeter wave antenna (1 ) as set forth in claim 
1, wherein said electromagnetic wave absorbing 
layer includes at least one of a carbon material and 
a hexagonal ferrite, and a material having an elec- 
tric resistivity higher than that of said carbon mate- 
rial or said hexagonal ferrite. 

15. The millimeter wave antenna (1 ) as set forth in claim 
14, wherein said material having the higher electric 
resistivity is selected from any one of a rubber, an 
insulating high molecular weight material, and an 
insulating inorganic material. 

16. The millimeter wave antenna (1 ) as setforth in claim 
1, wherein said electromagnetic wave absorbing 
layer includes said carbon material or said hexag- 
onal ferrite whose content relative to said material 
having the higher electric resistivity is varied so that 
the characteristic impedance thereof is gradually 
lowered from the inside to the outside of said ra- 
dome. 



injection molding a radome main body, and in- 
jection molding an electromagnetic wave ab- 
sorbing layer on the inside surface of said ra- 
dome main body to thereby form a radome (2); 
and 

positioning said radome (2) with respect to a 
housing (4) for accommodating an antenna 
base (3) and a control circuit (6) to fix said ra- 
dome (2) to the housing (4). 

1 9. The method of producing a millimeter wave antenna 
as set forth in claim 18, wherein the radome forming 
step comprises the steps of injection molding said 
radome main body, forming a conductor layer (1 0) 
an the inside surface of said radome main body, and 
providing said conductor layer (10) further with an 
electromagnetic wave absorbing layer. 



25 



30 



35 



40 



17. A millimeter wave antenna (1) comprising: 

an antenna base (3) having a transmission-re- 
ception antenna; 

a housing (4) for fixing said antenna base (3); 
and 

a radome (2) covering said antenna base (3) ; 

wherein said radome (2) is formed integral 
with an electromagnetic wave absorbing layer. 

18. A method of making a millimeter wave antenna (1) 
comprising the steps of: 
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(54) Millimeter wave radar with side-lobe absorbing radome 



(57) The invention relates to a millimeter wave radar 
(1) that is used for the purpose of automatic operation 
or collision prevention of a vehicle, it is intended to solve 
the Problem that a side lobe (8) of a transmitted elec- 
tromagnetic wave is reflected by surrounding bodies 
and the reflected wave is received, with the result that 
unnecessary bodies may also be detected. 



A layer higher in dielectric loss than a radome (2) 
or a magnetic loss layer (9) and a conductor layer (1 0) 
in a mesh form are embedded in a part of the inside sur- 
face of the radome (2), whereby it is possible to provide 
a millimeter wave radar (1) which is light in weight, ex- 
cellent in weathering performance, inexpensive, and ex- 
cellent in detection performance. 



FIG.l 



CO 

< 

CD 

00 
O) 
CO 



Q_ 

HI 




Printed by Jouve. 75001 PARIS (FR) 



BNSDOCID- <EP _ 



„1398647A3 )_> 



EP 1 398 647 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 
EP 03 00 5307 



Category 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation of document with indication, where appropriate. 
of relevant passages " 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lntCI.7) 



Y 
A 



PATENT ABSTRACTS OF JAPAN 

vol. 2000, no. 22, 

9 March 2001 (2001-03-09) 

& JP 2001 127523 A (MITSUBISHI ELECTRIC 

CORP), 11 May 2001 (2001-05-11) 

* abstract; figure 7 * 



US 2001/040524 Al (SUZUKI MITSUSHIGE 
AL) 15 November 2001 (2001-11-15) 
* abstract * 



ET 



EP 1 118 872 A (HITACHI LTD) 
25 July 2001 (2001-07-25) 
* column 5, lines 4-7 * 



US 6 111 551 A (SCHMIDT EWALD 
29 August 2000 (2000-08-29) 
A column 1, line 40 - line 54 
column 1, line 7 - line 9 * 



ET AL) 



US 3 196 442 A (LEFFELMAN RICHARD G ET AL) 

20 July 1965 (1965-07-20) 

* column 2, line 47 - line 56; figure 3 * 



U2,7-9, 
17 



3,10,11, 
18 

1,17 

3,10,11 

18 
17 

3,10,11 



G01S7/03 
H01Q1/42 
H01Q17/00 



- The prooent acarch report hop been drawn up for a l l c l a i ms 



Place ol search 

Muni ch 



Date of completion ol the search 

11 November 2003 



TECHNICAL FIELDS 
SEARCHED (MtCt7) 



G01S 

H01Q 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



Examiner 



Johansson, R 



T : theory or principle underlying the invention 
E : earlier patent document, but published on or 

after the filing date 
D : document cited in the application 
L : document cited lor other reasons 

& : member ot the same patenHamtyy corral 
document 



2 



BNSDOCID: <EP 1398647 A3_l_> 



EP 1 398 647 A3 




European Patent 
Olfice 



EP 03 00 5307 



Application Number 



CLAIMS INCURRING FEES 



The present European patent application comprised at the time of filing more than ten claims. 



□ Only part of the claims have been paid within the prescribed time limit. The present European search 
report has been drawn up for the first ten claims and for those claims for which claims fees have 
been paid, namely claim(s): 



I — | No claims fees have been paid within the prescribed time limit. The present European search report has 
I I boon drawn up for the first ten claims. 



LACK OF UNITY OF INVENTION 



The Search Division considers that the present European patent application does not comply with the 
requirements of unity of invention and relates to several inventions or groups of inventions, namely: 



see sheet B 



□ All further search fees have been paid within the fixed time limit. The present European search report has 
been drawn up for ail claims. 

□ As all searchable claims could be searched without effort justifying an additional fee, the Search Division 
did not invite payment of any additional fee. 

□ Only part of the further search fees have been paid within the fixed time limit. The present European 
search report has been drawn up for those parts of the European patent application which relate to the 
inventions in respect of which search fees have been paid, namely claims: 



None of the further search fees have been paid within the fixed time limit. The present European search 
report has been drawn up for those parts of the European patent application which relate to the invention 
first mentioned in the claims, namely claims: 



1- 2, 17-19 



BNSDOCID- <EP 1398647 A3. 1_> 



3 



EP 1 398 647 A3 



European Patent 
Office 



LACK OF UNITY OF INVENTION 
SHEET B 



EP 03 00 5307 



Application Number 



The Search Division considers that the present European patent application does not comply with the 
requirements of unity of invention and relates to several inventions or groups ot inventions, namely: 

1. claims: 1,2,17,18-19 

Relate to a millimeter wave radar with higher dielectric 
loss of absorber than radome 

1.1. claims: 3,10,11 



Relate to a conductor layer on the outside of the absorbing 

layer 
1.2. claims: 7-9 

Relate to disposing the absorber and radome in an inclined 

way 



2. claims: 4-6 

Relate to varying the impedance of the absorber 



3. claims: 12-16 

Relate to various selections of absorber material 



Please note that all inventions mentioned under item 1, although not 
necessarily linked by a comnon inventive concept, could be searched 
without effort justifying an additional fee. 



4 



1398647 A3 J > 



EP 1 398 647 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 03 00 5307 



This annex lists the patent lamily members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Offico is in no way liable for these particulars which are merely given for the purpose of information. 

11-11-2003 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



JP 2001127523 



11-05-2001 NONE 



US 2001040524 


Al 


15- 


■11- 


-2001 


JP 


2001324561 A 


22-11-2001 












DE 


10109371 Al 


29-11-2001 












FR 


2808886 Al 


16-11-2001 


EP 1118872 


A 


25- 


•07- 


-2001 


JP 


2001201557 A 


27-07-2001 












EP 


1118872 A2 


25-07-2001 












US 


2001026237 Al 


04-10-2001 


US 6111551 


A 


29- 


-08- 


-2000 


DE 


19707585 Al 


03-09-1998 












AU 


719028 B2 


04-05-2000 












AU 


5548498 A 


18-09-1998 












WO 


9838697 Al 


03-09-1998 












EP 


0963619 Al 


15-12-1999 












JP 


2001513953 T 


04-09-2001 


US 3196442 


A 


20- 


-07- 


-1965 


NONE 







5i For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



BNSDOCID: <EP 1 398647 A3_L> 



THIS PAGE BLANK (usptw 



